Effects of low pH on influenza virus. Activation and inactivation of the membrane fusion capacity of the hemagglutinin.
The hemagglutinin of influenza virus undergoes a conformational change at low pH, which results in exposure of a hydrophobic segment of the molecule, crucial to expression of viral fusion activity. We have studied the effects of incubation of the virus at low pH either at 37 or 0 degrees C. Treatment of the virus alone at pH 5.0 induces the virus particles to become hydrophobic, as assessed by measuring the binding of zwitterionic liposomes to the virus. At 37 degrees C this hydrophobicity is transient, electron microscopic examination of the virus reveals a highly disorganized spike layer, and fusion activity toward ganglioside-containing zwitterionic liposomes, measured at 37 degrees C with a kinetic fluorescence assay, is irreversibly lost. By contrast, after preincubation of the virus alone at pH 5.0 and 0 degrees C fusion activity remains unaffected. Yet, the preincubation at 0 degrees C does result in exposure of the hydrophobic segment of hemagglutinin, but now hydrophobicity is sustained and viral spike morphology unaltered. Hydrophobicity also remains to a significant extent upon pH neutralization, but fusion activity is negligible under these conditions. It is concluded that for optimal expression of fusion activity the virus must be bound to the target membrane before exposure to low pH. Furthermore, even after exposure of the hydrophobic segment of hemagglutinin, fusion occurs only at low pH. Finally, fusion occurs only at elevated temperature, possibly reflecting the unfolding of hemagglutinin trimers or the cooperative action of several hemagglutinin trimers in the reaction.